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1 INTRODUCTION AND OBJECTIVES 
Thin Layer Chromatography (TLC), despite its simplicity, is a very valuable and flexible tool 
for quality control of plant drugs and preparations. In the European Pharmacopeia (PhEur) 
today it is a standard method used for identification and detection of possible adulterations 
and falsifications of herbal drugs and herbal drug preparations. Compared to other 
chromatographic methods like liquid or gas chromatography the procedures for sample 
preparation usually are simple, cost efficient and results can be obtained in a short amount of 
time. High Performance Thin Layer Chromatography (HPTLC) takes the method of TLC and 
combines it with modern equipment, a solid theoretical foundation and standardized 
methodology to improve the separation of compounds and reproducibility [1]. 
 
OBJECTIVES OF THIS WORK: QUALITY CONTROL OF HERBAL DRUGS 
 
The following work evolved out of various smaller projects working on quality control of 
herbal drugs. The general aim was to revise and update monographs of the PhEur and 
suggest improvements whenever suitable. Results of this work could be considered for 
possible inclusion in the PhEur. 
 
The main objectives were to: 
 
- Test and adapt the TLC method of Fraxini folium in PhEur for HPTLC 
- Revise the identification methods by TLC/HPTLC given in the PhEur for flavonoid 
containing herbal drugs 
- Perform analysis for an interlaboraty comparison of revised HPTLC and HPLC 
methods for Arnicae flos 
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2 MATERIAL AND METHODS FOR TLC AND HPTLC ANALYSIS 
2.1 Short introduction to the principals of TLC 
Thin Layer Chromatography (TLC) is a type of planar chromatography and relies on the 
interactions of compounds between a stationary phase and a mobile phase to separate them 
from each other. Although it is a rather old method of analysis it has proven well in practice. 
With the publication of Egon Stahl's “Thin-layer Chromatography – a Laboratory Handbook” 
the scientific basis for TLC were provided and lead to the wide use of TLC for quality control 
we see today. Especially the development of partially or completely automated equipment as 
well as the development of modern precoated layers have made it an important tool for 
qualitative investigations [1]. 
2.2 Difference between TLC and HPTLC 
High Performance Thin Layer Chromatography (HPTLC) is generally associated with a 
higher separation efficiency due to smaller particle sizes with narrow size distribution. The 
mean particle size of silica gel of a quality suitable for HPTLC is 5 µm, that of TLC quality 
around 11 µm. [2] 
Usually most of the analytical steps for HPTLC such as sample application and plate 
development are done using automated equipment. For qualitative analysis reasonable 
results can also be obtained my manual execution as part of this work will show. 
Nevertheless instrumentalized analysis should be preferred if available to ensure 
reproducibility and standardisation. 
2.3 Flavonoids as markers for quality control 
In addition to morphological differences, the majority of plant species can be identified well 
by their individual flavonoid pattern. Using flavonoids as markers for quality control has some 
advantages compared to other compounds such as terpenoids or alkaloids: they are 
universally distributed in vascular plants, they show structural diversity, they are chemically 
stable, and they can be identified by relatively simple methods [4].  
2.4 Stationary Phase 
Many different stationary phases can be used for TLC, but silica gel 60 is the most commonly 
used sorbent today. Analysis in this work were performed exclusively on silica gel coated 
plates with a mean particle size of 60 Ångstrom units (10 Å = 1 nm) and manganese-
activated zinc silicate as an added “fluorescence indicator”, labelled as Si 60 F254. 
 
The following plates were used for this work: 
HPTLC glass 20x10 cm, Si 60 F254, Merck,  Ref.: 1.05642.0001, batch HX081426 
TLC aluminium sheets 20x20 cm, Si 60 F254, SDS, Ref.: PCCM221254 batch 906254. 
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2.5 Mobile Phase 
Different mobile phases were used depending on the plant drug to be analysed, using 
mixtures of solvents from: anhydrous formic acid, glacial acetic acid, water, methyl ethyl 
ketone, ethyl acetate. 
Volumes up to 20 ml were measured with a graduated volumetric pipette of suitable size. 
Volumes larger than 20 ml were measured with a graduated cylinder of appropriate size. 
2.6 Instruments 
The quality of analytical results can be raised significantly by using instruments for sample 
application, chromatogram development, derivatisation, detection and documentation. 
Especially the use of an automatic development chamber significantly raises reproducibility 
by providing controllable chamber saturation [10]. 
 
The following instruments were used for this work: 
Application device: CAMAG semiautomatic TLC Sampler Linomat 5 
Samples are applied without plate contact, using N2 gas to disperse the sample 
therefore ensuring a fast evaporation of sample solvent and a minimal spreading of 
the spots applied at the starting position. 
Derivatisation device: CAMAG Chromatogram Immersion Device III 
By dipping the whole plate into the detection reagent an equal distribution of the 
reagent can be guaranteed, which leads to a better visual appearance of the 
chromatogram compared to manual application of detection reagent by spraying. 
Plate heater device: CAMAG TLC Plate Heater III 
Development chamber: CAMAG Automatic Development Chamber ADC 2 
Chromatogram documentation device: CAMAG Reprostar 3 (Digistore) 
2.7 Reagents 
REFERENCE SUBSTANCES: Batch no. and supplier 
Vitexin BCBD6147V, EDQM (43986) 
Isoorientin BCBD7043V, SIGMA (USA) 
Chlorogenic acid 34H0125, SIGMA (USA) 
Rutin non commercial 
Luteolin-7-Glucoside Sarsyntex Purité (FR, 0053) 
Caffeic acid 26H2635, SIGMA (USA) 
Hyperoside 08110118, Phytoplan (DE) 
Quercitrin 120M1323, SIGMA (USA) 
Apigenin-7-Glucosid Rotichrom TLC 480158185, EDQM (44143) 
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Apigenin Rotichrom TLC 111168983, EDQM (44144)  
 
DERIVATISATION REAGENTS: 
 
Batch no. and supplier 
Diphenylboric acid aminoethyl ester BCBC2323, SIGMA (USA)  
PEG-400 90k0913, SGIMA (USA) 
 
2.8 Sample Application methods 
Manual TLC  
Band length 10 mm 
Application distance from lower edge of the plate 15 mm 
Application distance from left edge of the plate 20 mm 
Minimum distance between tracks  
Sample application 
5 mm 
manually, with disposable 5 µl 
glass micropipettes 
 
Manual HPTLC 
 
Band length 8 mm 
Application distance from lower edge of the plate 8 mm 
Application distance from left edge of the plate 15 mm 
Minimum distance between tracks  
Sample application 
3 mm 
manually, with disposable 5 µl 
glass micropipettes 
 
Instrumental HPTLC 
 
Band length 8 mm 
Application distance from lower edge of the plate 8 mm 
Application distance from left edge of the plate 20 mm 
Minimum distance between tracks  
Sample application 
3 mm 
CAMAG semiautomatic TLC 
Sampler Linomat 5 
2.9 Plate Development 
If not otherwise stated, following parameters were used: 
Manual TLC in a flat bottom chamber with sufficient mobile phase (30-50ml) allowing 60 
minutes of chamber saturation for troughs for developing 20x20 cm plates, and 20 minutes 
for troughs for developing 20x10 cm plates, migration distance 135 mm. 
Manual HPTLC in a twin-trough-chamber with 20ml of saturation solvent and 10ml of 
development solvent, allowing 20 min for chamber saturation with filter paper, migration 
distance 70 mm. 
Instrumentalized HPTLC short pre drying, 20 min of saturation with filter paper, humidity 
control 10min with MgCl (33%), migration distance 70mm, drying time 5 min, 10ml of 
developing solvent, 25ml of saturation solvent 
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2.10 Derivatisation methods 
As most flavonoids are not sufficiently fluorescent to be detected by visible light, some form 
of visualisation is necessary for spot detection. Spraying Natural Products Reagent produces 
a typical intense fluorescent in UV-366 nm. The addition of polyethylenglycole solution 
lowers the detection limit and intensifies the fluorescence behaviour, depending on the 
structure of the flavonoids.[5] 
 
Natural Products Reagent (NPR) by dipping: 
- Natural Products Reagent: Solution of 1 g of diphenylboric acid aminoethyl ester in 200 
ml of ethyl acetate. 
- PEG-400 solution: Solution of 10 g of PEG 400 in 200 mL of dichloromethane 
- Reagent use: After elution of the plate, dry the plate in cold air for 5 minutes, heat it for 
3 minutes at 100 °C and dip it (while it is still hot) in the natural products reagent. After 
drying, dip it in PEG-400 solution. 
Natural Products Reagent (NPR) by spraying: 
- Natural Products Reagent: Solution of 1 g of diphenylboric acid aminoethyl ester in 100 
mL of methanol.  
- PEG-400 solution: Solution of 5 g of PEG 400 in 100 mL of methanol 
- Reagent use: After elution of the plate, dry the plate in cold air stream for 5 minutes, 
heat it for 3 minutes at 100 °C and spray (while it is still hot) with natural products 
reagent. After drying, spray with PEG-400 solution. 
 
Glass HPTLC plates were always derivatised by dipping with CAMAG Chromatogram 
Immersion Device III. Aluminium TLC were always derivatised by spraying using an 
Erlenmeyer with spray top. 
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3 IDENTIFICATION OF ASH LEAVES (FRAXINI FOLIUM L.) 
3.1 Introduction and Objectives 
Ash leaves are mainly used in popular medicine for the treatment of rheumatism, gout, 
bladder illnesses and fever. The PhEur allows Fraxinus excelsior L. and Fraxinus oxyphylla 
M. BIEB. as source plants [14]. 
The aim of this project was to test the TLC/HPTLC identification method for Fraxini folium to 
verify if it allows discrimination between leaves of Fraxinus excelsior L. and Fraxinus 
oxyphylla M. BIEB. (the allowed species) and Fraxinus ornus L. 
According to the present monograph in the PhEur the leaves of Fraxinus ornus L. are 
considered an adulteration [3]. The TLC method used for identification and test of Fraxinus 
ornus, which already exists in the monograph, was completed with the corresponding HPTLC 
method. Samples coming from F. ornus and samples unambiguously identified as coming 
from F. oxyphylla were not available and could not be checked. 
 
OBJECTIVES 
- Testing the method of the monograph on Fraxini folium (TLC) for discrimination of the 
leaves of F. excelsior, F. oxyphylla and F. ornus. 
- Testing two different extraction methods in order to simplify the working procedure. 
- Adapting the TLC method for HPTLC. 
3.2 Samples 
Samples used are listed in the Table 1. 
 
Table 1. Samples used for TLC/HPTLC identification of ash leaves in this project 
Reference 
Code 
Description Supplier Supplier 
reference 
M-11008 Leaves of Fraxinus excelsior L. ITEIPMAI (France) 
Dr. D. Bellenot 
F-51 
M-11009 Leaves of Fraxinus oxyphylla M. Bieb. ITEIPMAI (France) 
Dr. D. Bellenot 
F-17 
M-11010 Leaves of Fraxinus ornus L. ITEIPMAI (France) 
Dr. D. Bellenot 
9-704 
M-11011 Leaves of Fraxinus ornus L. ITEIPMAI (France) 
Dr. D. Bellenot 
10-701 
 
3.3 Methods 
The following analysis were performed: manual TLC, manual HPTLC and instrumentalized 
HPTLC. 
Extraction 1 - according to the existing monograph on Fraxini folium: 
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To 1 g of the powdered drug (355) add 20 ml of methanol. Heat with shaking at 40 °C for 10 
min. Filter. 
Extraction 2 – simplified: 
To 1g of the powdered drug (355) add 20 ml of methanol. Extract with magnetic stirrer for 10 
min at room temperature. Filter.  
 
Mobile phase: Anhydrous formic acid, water, ethyl acetate (10:10:80 V/V/V). 
3.4 Results 
The chromatogram obtained by instrumental HPTLC is shown in Figure 1. The same 
analysis obtained by manual execution is shown in Figure 2. The chromatogram obtained by 
manual TLC is shown in Figure 3. 
 
In all figures extracts of leaves of F. excelsior, F. oxyphylla and F. ornus obtained at 40 °C 
are compared with extracts obtained at room temperature. 
 
 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
 
 
Extraction at 40 ºC Reference substances Extraction at room temperature 
Track Sample Track Sample Track Sample 
1 2 µL F. excelsior M-11008  9 2 µL Chlorogenic acid  11 4 µL F. excelsior M-11008  
2 2 µL F. oxyphylla M-11009  10 2 µL Rutin 12 4 µL F. oxyphylla M-11009  
3 2 µL F. ornus M-11010    13 4 µL F. ornus M-11010  
4 2 µL F. ornus M-11011    14 4 µL F. ornus M-11011  
5 4 µL F. excelsior M-11008      
6 4 µL F. oxyphylla M-11009      
7 4 µL F. ornus M-11010      
8 4 µL F. ornus M-11011      
Figure 1. HPTLC chromatogram using instrumental application and development, derivatised with 
NPR and PEG 400 solution applied by dipping, and observed in UV light at 366 nm. 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 
 
 
Extraction at 40 ºC Reference substances Extraction at room temperature 
Track Sample Track Sample Track Sample 
1 2 µL F. excelsior M-11008  9 2 µL Chlorogenic acid  11 4 µL F. excelsior M-11008  
2 2 µL F. oxyphylla M-11009  10 2 µL Rutin 12 4 µL F. oxyphylla M-11009  
3 2 µL F. ornus M-11010    13 4 µL F. ornus M-11010  
4 2 µL F. ornus M-11011    14 4 µL F. ornus M-11011  
5 4 µL F. excelsior M-11008      
6 4 µL F. oxyphylla M-11009      
7 4 µL F. ornus M-11010      
8 4 µL F. ornus M-11011      
Figure 2. HPTLC chromatogram using manual application with disposable glass capillaries,  
development in a flat bottom glass chamber, derivatised with NPR and PEG-400 solutions applied by 
dipping, and observed in UV light at 366 nm. 
 
 
 
 
1 2 3 4 5 6 7 8 9 10 
 
Extraction at 40 ºC Reference substances Extraction at room temperature 
Track Sample Track Sample Track Sample 
1 F. excelsior M-11008 5 Chlorogenic acid 7 F. excelsior M-11008 
2 F. oxyphylla M-11009  6 Rutin 8 F. oxyphylla M-11009 
3 F. ornus M-11010    9 F. ornus M-11010 
4 F. ornus M-11011    10 F. ornus M-11011 
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Figure 3. TLC chromatogram using manual application of 10 µL with disposable glass capillaries and 
development in a flat bottom glass chamber derivatised with NPR and PEG 400 solution applied by 
spraying, and observed in UV light at 366 nm. 
3.5 Conclusions 
- No significant differences between extraction according to the monograph and 
simplified extraction at room temperature with a magnetic stirrer could be found, only 
a slight decrease in intensity for very faint spots is noticeable. Therefore, the 
extraction at room temperature seems more suitable for identification and test of 
Fraxini folium by TLC/HPTCL, because it simplifies the preparation of the test 
solution. 
- For HPTLC the application of 4 µL gave clearer results regarding the intensity of 
detected spots, especially in the case of Fraxinus excelsior. 
- Possible substitution of Fraxini folium with the leaves of Fraxinus ornus can be 
detected using the method of HPTLC/TLC described above. The chromatograms 
obtained with extracts of the leaves of F. ornus show several zones which are not 
present in the chromatograms of the leaves of F. excelsior and F. oxyphylla: several 
light blue or blue fluorescent zones in the upper third of the chromatogram, two 
orange fluorescent zones in the middle third, and one intense light blue fluorescent 
zone in the border between the middle and the lower third of the chromatogram. 
 
Proposals for identification of Fraxini folium (with separate descriptions for F. excelsior 
and F. oxyphylla) by thin layer chromatography and test for Fraxinus ornus in the 
monograph of Fraxini folium are provided below. 
3.6 Proposals for the monograph in the PhEur 
Identification 
C. Examine the chromatograms obtained in the test for Fraxinus ornus L. 
Results: see below the sequence of zones present in the chromatograms obtained with the 
reference solution and the test solution. The intensity of the zones present in the test solution 
may vary depending on the presence of F. excelsior, F. angustifolia, their hybrides or their 
concentration in a mixture. Furthermore, other fluorescent zones may be present in the 
chromatogram obtained with the test solution. 
Top of the plate 
  
 
Chlorogenic acid: a light blue fluorescent 
zone 
A light blue fluorescent zone (acteoside) 
A light blue fluorescent zone may be present 
(chlorogenic acid) 
 
 
 
Rutin: an orange fluorescent zone 
 
A light blue fluorescent zone 
 
An orange fluorescent zone (rutin) 
Reference solution Test solution 
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TESTS 
 
Fraxinus ornus L. Thin-layer chromatography (2.2.27).  
Test solution: To 1.0 g of the powdered drug (355) (2.9.12) add 20 ml of methanol R. Stir 
with a magnetic stirrer for 10 min. Filter. 
Reference solution. Dissolve 5.0 mg of of rutin R and 5mg of chlorogenic acid R in 10 mL of 
methanol R. 
Plate: TLC silica gel plate R (5-40 µm) [or TLC silica gel plate R (2-10 µm)] 
Mobile phase: anhydrous formic acid R, water R, ethyl acetate R (10:10:80 V/V/V) (saturated 
chamber). 
Application: 10 µl [or 4 µl] as  bands of 10 [or 8 mm]. 
Development: over a path of 10 cm [or 6 cm]. 
Drying: in air. 
Detection: Heat at 100ºC for 3 min; treat the still-warm plate with a 10g/L solution of 
diphenylboric acid aminoethyl ester R in methanol R; dry in air; treat with a 50g/L solution of 
macrogol 400 R in methanol R. Dry in air. Examine in ultraviolet light at 365 nm.  
Results: the chromatogram obtained with the test solution does not show any intense light 
blue fluorescent zones in the upper third of the chromatogram. 
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4 ANALYSIS OF FLAVONOID CONTAINING DRUGS 
4.1 Introduction and Objectives 
In the PhEur today there is some variation in the description of flavonoids detected by NPR 
in thin layer chromatography. The colour of fluorescent spots of reference substances are 
described differently in various monographs, although the same conditions are applied for 
development and detection. For example the colour of hyperosid is described as yellow-
brown in the monograph of Goldenrod, orange-brown in the monograph of Limeflower and 
orange-yellow in the monograph of Ash Leaf. The same situation occurs in other 
monographs and with other reference substances such as rutin or quercitrin [3]. 
Part of this problem is related to the photographic documentation of chromatograms as 
different exposure times result in different colour shades and tints on the final image. 
Nevertheless an agreement on the colour description and harmonisation between the 
monographs seems necessary.  
Therefore a collaborative trial was initiated by the European Directorate for the Quality of 
Medicines & HealthCare (EDQM) in laboratories across the European Union for the 
"Comparison of TLC and HPTLC of flavonoid containing drugs". The following work was 
performed taking part in this collaborative trial. 
Analysis of the samples of 7 different medicinal plants were performed in 3 different TLC and 
HPTLC systems. In this work a description of the TLC and HPTLC results is provided as well 
as a comparison of the results of different methods (TLC, HPTLC) to each other. 
OBJECTIVES 
- Compare analysis done by manual TLC and manual and instrumental HPTLC 
systems 
- Provide a description of the TLC and HPTLC chromatograms based on the 
information of monographs from the PhEur. 
4.2 Samples 
Samples of 7 selected herbal drugs where provided by the European Directorate for the 
Quality of Medicines & HealthCare and are listed in Table 2. They were analysed using 
instrumentalized HPTLC, manual HPTLC and TLC (all steps were either performed manually 
or with simple equipment). 
 
Table 2. Samples used in the present project. 
# Reference 
Code 
Herbal drug Abbr. Batch No. Supplier 
Code 
  BIRCH LEAF (Betulae folium)  bir   
1 M-11036 Birch leaf (cut)  4231102 43508 
2 M-11035 Birch leaf (cut)  3770700 43509 
3 M-11067 Betulae folium  201002005040 43883 
4 M-11066 Betulae folium  201002006342 43884 
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5 M-11065 Betulae folium   201002004310 43886 
  CALENDULA FLOWER (Calendulae flos) cal   
6 M-11031 Calendula officinalis flower (whole)  4127501 43495 
7 M-11030 Calendula flower (whole)  3802202 43496 
8 M-11057 Calendulae flos  18102011 43894 
9 M-11056 Calendulae flos  19102802 43895 
10 M-11055 Calendulae flos  20102048 43896 
11 M-11052 Calendulae flos  20102110 43900 
  CHAMOMILE FLOWER, ROMAN (Chamomillae 
romanae flos) 
cha   
12 M-11039 Roman camomile flowers PhEur whole (origin: 
PL) 
 3515901 43506 
13 M-11060 Chamomillae romanae flos  1244122.3 43891 
14 M-11059 Chamomillae romanae flos  16104010 43892 
15 M-11058 Chamomillae romanae flos  15701562 43893 
  HAWTHORN BERRIES (Crataegi fructus) haw   
16 M-11033 Hawthorn berries PhEur whole (origin: BG)  4092101 43493 
17 M-11032 Hawthorn berries PhEur whole (origin: HU)  3106701 43494 
18 M-11069 Crataegi fructus  200802006708 43881 
19 M-11068 Crataegi fructus  201102000772 43882 
  LIME FLOWER (Tiliae flos) lim   
20 M-11013 Lime flower, Tiglio office inflor  18747 42274 
21 M-11012 Lime flower, Tiglio office inflor  19133 42275 
22 M-11054 Tiliae flos  19101195 43898 
23 M-11053 Tiliae flos  20101988 43899 
  PASSIFLORAE HERBA (Passiflorae herba) pas   
24 M-11018 Passion flower, Passiflore partie aérienne  43103 42269 
25 M-11017 Passion flower, Passiflore partie aérienne  43407 42270 
26 M-11016 Passion flower, Passiflore incarnata erba  18021 42271 
27 M-11015 Passion flower, Passiflore incarnata erba  18663 42272 
28 M-11014 Passion flower, Passiflore partie aérienne  19375 42273 
29 M-11037 Passion flower herb PhEur cut (origin: FR)  4137402 43491 
30 M-11038 Passion flower herb (cut)  3723502 43507 
31 M-11064 Passiflorae herba  201102000979 43887 
  ST JOHN’S WORT (Hyperici herba) sjw   
32 M-11021 St John’s wort, Hypericum perf somm fior  1054/6770 42266 
33 M-11020 St John’s wort, Hypericum perf somm fior  1054/6771 42267 
34 M-11019 St John’s wort, Hypericum perf somm fior  1054/6772 42268 
35 M-11034 St John’s wort herb PhEur cut (origin: PL)  3881502 43492 
36 M-11063 Hyperici herba  201002007430 43888 
37 M-11062 Hyperici herba  201002007807 43889 
38 M-11061 Hyperici herba  201002007231 43890 
4.3 Methods 
Extraction was done according to the trial protocol:  
Mix 0.5 g of powdered sample with 5 ml of methanol and sonicate for 15 minutes, 
then filter or centrifuge the solutions and use the filtrates / supernatants as test 
solutions. 
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The following analyses were performed and compared:  
1. manual TLC (all steps are either performed manually or with simple equipment) 
2. manual HPTLC (all steps are either performed manually or with simple equipment) 
3. instrumentalized HPTLC 
 
3 different mobile phases were used: 
Mobile Phase 1 for Birch Leaf, Hawthorn Berries, Lime Flower and Passion Flower: 
Anhydrous formic acid, water, methyl ethyl ketone, ethyl acetate  
(10:10:30:50, V/V/V/V)  
 
Mobile Phase 2 for Calendula Flower and Roman Chamomile Flower: 
Anhydrous formic acid, water, ethyl acetate  
(10:10:80, V/V/V) 
 
Mobile Phase 3 for St John’s wort: 
Anhydrous formic acid, water, ethyl acetate  
(6:9:90, V/V/V) 
4.4 Results: 
The following section contains the developed and derivatised TLC and HPTLC plates for 
seven different herbal drugs. A short description of the chromatogram and a table have been 
added. 
4.4.1 Birch leaf 
Mobile Phase: Anhydrous formic acid, water, methyl ethyl ketone, ethyl acetate  
(10:10:30:50, V/V/V/V)  
Reference solution: 2.5 mg quercitirin and 2.5 mg hyperoside in 10 ml methanol 
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instrumental HPTLC 
 
 
manual HPTLC 
 
 
Track Volume Sample Track Volume Sample 
1 2 µL  Birch leaf (cut) 43509 7 2 µL Betulae folium 43884 
2 4 µL Birch leaf (cut) 43509 8 4 µL Betulae folium 43884 
3 2 µL Birch leaf (cut) 43508 9 2 µL  Betulae folium 43883 
4 4 µL Birch leaf (cut) 43508 10 4 µL  Betulae folium 43883 
5 2 µL Betulae folium 43886 11 2 µL  Ref: Quercitrin / Hyperoside 
6 4 µL Betulae folium 43886    
Figure 4. HPTLC chromatogram of Birch leaf using instrumental and manual application and 
development, derivatised with NPR and PEG 400 solution applied by dipping, and observed in UV 
light at 366 nm 
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Track Volume Sample Track Volume Sample 
1 2 µL  Birch leaf (cut) 43509 7 2 µL Betulae folium 43884 
2 4 µL Birch leaf (cut) 43509 8 4 µL Betulae folium 43884 
3 2 µL Birch leaf (cut) 43508 9 2 µL  Betulae folium 43883 
4 4 µL Birch leaf (cut) 43508 10 4 µL  Betulae folium 43883 
5 2 µL Betulae folium 43886 11 2 µL  Ref: Quercitrin / Hyperoside 
6 4 µL Betulae folium 43886    
Figure 5. TLC chromatogram of Birch leaf using manual application and development, derivatised with 
NPR and PEG 400 solution applied by spraying, and observed in UV light at 366 nm 
 
Description of the chromatograms shown in Figure 4 and Figure 5: 
The chromatogram of the reference solution shows 2 yellowish brown fluorescent zones in 
the upper half: in increasing order of Rf first a zone due to hyperoside and second a zone 
due to quercitrin. The chromatogram of the test solution shows a intense yellowish brown 
fluorescent zone similar in position to the zone of hyperoside obtained with the reference 
solution. Further there are three yellowish brown fluorescent zones and a faint green zone 
between the zones due to hyperoside in the reference solution and the zones due to 
chlorophyll at the solvent front. One yellowish brown fluorescent zone is at the same height 
as the zone due to quercitrin obtained with the reference solution. 
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4.4.2 Calendula flower 
Mobile Phase: Anhydrous formic acid, water, ethyl acetate (10:10:80, V/V/V) 
Reference solution: 2.5 mg quercitirin and 2.5 mg hyperoside in 10 ml methanol 
Top of the plate 
 
 
 
Quercitrin: a yellowish brown fluorescent 
zone 
 
Red fluorescent zones 
Faint green fluorescent zone 
Yellowish brown fluorescent zone 
Yellowish brown fluorescent zone 
Yellowish brown fluorescent zone 
Hyperoside: a yellowish brown fluorescent 
zone 
Intense yellowish brown fluorescent 
zone 
Yellowish brown and / or faint green 
fluorescent zones 
 
no zones in lower third of the plate no zones in lower third of the plate 
Reference solution Test solution (Betulae folium) 
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instrumentalized HPTLC 
 
 
manual HPTLC 
 
 
Track Volume Sample Track Volume Sample 
1 4 µL  Calendula flower (whole) 434961 8 6 µL Calendulae flos 43895 
2 6 µL  Calendula flower (whole) 43496 9 4 µL Calendulae flos 43894 
3 4 µL  Calendula officinalis flower (whole) 
43495 
10 6 µL Calendulae flos 43894 
4 6 µL  Calendula officinalis flower (whole) 
43495 
11 4 µL Calendulae flos 43896 
5 4 µL  Calendulae flos 43900 12 6 µL Calendulae flos 43896 
6 6 µL  Calendulae flos 43900 13 2 µL Reference solution: Rutin 
2.5mg/10ml + Hyperoside 
2.5mg/10ml 
7 4 µL Calendulae flos 43895 14 4 µL Reference solution: Rutin 
2.5mg/10ml + Hyperoside 
2.5mg/10ml (only instrumental 
HPTLC) 
Figure 6. HPTLC chromatogram of Calendula flower using instrumental and manual application and 
development, derivatised with NPR and PEG 400 solution applied by dipping, and observed in UV 
light at 366 nm 
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Track Volume* Sample Track Volume* Sample 
1 20 µL  Calendula flower (whole) 43496 5 20 µL Calendulae flos 43895 
2 20 µL Calendula officinalis flower (whole) 43495 6 20 µL Calendulae flos 43894 
3 20 µL Calendulae flos 43900 7 20 µL Calendulae flos 43896 
4 10 µL  Reference solution: Rutin 2.5mg/10ml + 
Hyperoside 2.5mg/10ml 
   
Figure 7. TLC chromatogram of Calendula flower using manual application and development, 
derivatised with NPR and PEG 400 solution applied by spraying, and observed in UV light at 366 nm 
 
Description of the chromatograms shown in Figure 6 and Figure 7: 
The chromatogram obtained with the reference solution shows a yellowish-brown fluorescent 
zone (rutin) in the lower part and a yellowish-brown fluorescent zone (hyperoside) in the 
middle part. The chromatogram obtained with the test solution shows a faint yellowish-brown 
fluorescent zone corresponding in position to the zone due to Rutin in the chromatogram 
obtained with the reference solution, below and directly above it, it shows a yellowish-green 
fluorescent zone and a light bluish fluorescent zone right directly below the zone due to 
hyperoside in the chromatogram obtained with the reference solution. Furthermore, other 
zones may be present in the chromatogram obtained with the test solution. 
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4.4.3 Hawthorn berries 
Mobile Phase: Anhydrous formic acid, water, methyl ethyl ketone, ethyl acetate  
(10:10:30:50, V/V/V/V)  
Reference solution: 2.5 mg quercitirin and 2.5 mg hyperoside in 10 ml methanol 
Top of the plate 
  
 
 
bluish fluorescent zone 
 
 
 
 
Hyperoside 
 
 
light bluish fluorescent zone 
 
 
Rutin 
Yellowish-green fluorescent zone 
Faint yellowish-brown fluorescent zone 
 
Yellowish-green fluorescent zone 
Reference solution Test solution (Calendulae flos) 
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instrumental HPTLC 
 
 
manual HPTLC 
 
 
Track Volume Sample Track Volume Sample 
1 4µL Hawthorn berries PhEur whole (origin: HU) 
43494 
9 8 µL Crataegi fructus 43882 
2 6 µL Hawthorn berries PhEur whole (origin: HU) 
43494 
10 4 µL Crataegi fructus 43881 
3 8 µL Hawthorn berries PhEur whole (origin: HU) 
43494 
11 6 µL Crataegi fructus 43881 
4 4 µL Hawthorn berries PhEur whole (origin BG) 
43493 
12 8 µL Crataegi fructus 43881 
5 6 µL  Hawthorn berries PhEur whole (origin BG) 
43493 
13 2 µL Reference solution: Chlorogenic acid 
1.0 mg/10 ml + Hyperoside 
2.5mg/10ml 
6 8 µL Hawthorn berries PhEur whole (origin BG) 
43493 
14 4 µL Reference solution: Chlorogenic acid 
1.0 mg/10 ml + Hyperoside 
2.5mg/10ml 
7 4 µL Crataegi fructus 43882 15 6 µL Reference solution: Chlorogenic acid 
1.0 mg/10 ml + Hyperoside 
2.5mg/10ml (only instrumental HPTLC) 
8 6 µL Crataegi fructus 43882    
Figure 8. HPTLC chromatogram of Hawthorn berries using instrumental and manual application and 
development, derivatised with NPR and PEG 400 solution applied by dipping, and observed in UV 
light at 366 nm 
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Track Volume Sample 
1 30 µL  Hawthorn berries PhEur whole (origin: HU) 43494 
2 30 µL  Hawthorn berries PhEur whole (origin BG) 43493 
3 30 µL  Crataegi fructus 43882 
4 30 µL  Crataegi fructus 43881 
5 30 µL  Reference solution: Chlorogenic acid 1.0 mg/10 ml + Hyperoside 2.5mg/10ml 
Figure 9: TLC chromatogram of Hawthorn berries using manual application and development, 
derivatised with NPR and PEG 400 solution applied by dipping, and observed in UV light at 366 nm 
 
Description of the chromatograms shown in Figure 8 and Figure 9: 
The chromatogram obtained with the reference solution shows in the middle part, in order of 
increasing RF values a light blue fluorescent zone (chlorogenic acid) and a yellowish-brown 
fluorescent zone (hyperoside). The chromatogram obtained with the test solution shows 2 
zones similar in position and fluorescence to the zones due to chlorogenic acid and 
Hyperoside in the chromatogram obtained with the reference solution, and 2 weak yellowish-
brown fluorescent zones, one below the zone due to Chlorogenic acid in the chromatogram 
obtained with the reference solution and the other located above the zone due to 
Hyperoside. In the upper part near the solvent front of the chromatogram some light blue 
zones appear. 
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4.4.4 Lime flower 
Mobile Phase: Anhydrous formic acid, water, methyl ethyl ketone, ethyl acetate  
(10:10:30:50, V/V/V/V)  
Reference solution: 2.5 mg rutin and 2.5 mg hyperoside in 10 ml methanol 
 
Top of the plate 
  
 
 
light blue zones 
 
Hyperoside 
Chlorogenic acid 
weak yellowish-brown fluorescent zone 
yellowish-brown fluorescent zone 
light blue fluorescent zone 
 
weak yellowish-brown fluorescent zone 
 no zones appear in the lower third of the 
chromatogram 
Reference solution Test solution (Crataegi fructus) 
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instrumental HPTLC 
 
 
 
manual HPTLC 
 
 
Track Volume Sample Track Volume  Sample 
1 1 µL  Lime flower, Tiglio office inflor 42275 9 3 µL  Tiliae flos 43899 
2 2 µL  Lime flower, Tiglio office inflor 42275 10 1 µL  Tiliae flos 43898 
3 3 µL  Lime flower, Tiglio office inflor 42275 11 2 µL  Tiliae flos 43898 
4 1 µL  Lime flower, Tiglio office inflor 42274 12 3 µL  Tiliae flos 43898 
5 2 µL  Lime flower, Tiglio office inflor 42274 13 1 µL  Reference solution: Rutin 2.5mg/10ml + 
Hyperoside 2.5mg/10ml 
6 3 µL  Lime flower, Tiglio office inflor 42274 14 2 µL  Reference solution: Rutin 2.5mg/10ml + 
Hyperoside 2.5mg/10ml 
7 1 µL Tiliae flos 43899 15 3 µL  Reference solution: Rutin 2.5mg/10ml + 
Hyperoside 2.5mg/10ml 
8 2 µL Tiliae flos 43899    
Figure 10. HPTLC chromatogram of Lime flower using instrumental and manual application and 
development, derivatised with NPR and PEG 400 solution applied by dipping, and observed in UV 
light at 366 nm 
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Track Volume Sample 
1 10 µL  Lime flower, Tiglio office inflor 42275 
2 10 µL Lime flower, Tiglio office inflor 42274 
3 10 µL Tiliae flos 43899 
4 10 µL  Tiliae flos 43898 
5 10 µL Reference solution: Rutin 2.5mg/10ml + Hyperoside 2.5mg/10ml 
Figure 11. TLC chromatogram of Lime flower using manual application and development, derivatised 
with NPR and PEG 400 solution applied by dipping, and observed in UV light at 366 nm 
 
Description of the chromatograms shown in Figure 10 and Figure 11: 
The chromatogram obtained with the reference solution shows in order of increasing RF 
value yellowish-orange or brownish-orange fluorescent zones due to rutin and hyperoside. In 
the chromatogram obtained with the test solution, the main zone shows brownish-yellow or 
orange fluorescence. This zone is situated just above the zone due to hyperoside in the 
chromatogram obtained with the reference solution. In daylight, this zone stands out from the 
other zones as the main zone. At the RF level of rutin there is also a brownish-yellow 
fluorescent zone. Below this zone, 2 yellow fluorescent zones may be present. Between the 
zones due to rutin and hyperoside, orange and yellow fluorescent zones are visible. Above 
the zone due to hyperoside up to 5 yellow or orange fluorescent zones are present. In the 
upper part of the chromatogram near the solvent front appears a blue fluorescent zone. 
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4.4.5 St. Johns wort 
instrumental HPTLC 
 
 
Track Volume Sample Track Volu
me 
Sample 
1 2 µL St John’s wort, Hypericum perf somm fior 
42266 
9 2 µL Reference solution: Rutin 
2.5 mg/10 ml + 
Hyperoside 2.5mg/10ml 
2 4 µL St John’s wort, Hypericum perf somm fior 
42266 
10  2 µL Hyperici herba 43888 
3 2 µL St John’s wort, Hypericum perf somm fior 
42267 
11 4 µL Hyperici herba 43888 
4 4 µL St John’s wort, Hypericum perf somm fior 
42267 
12 2 µL Hyperici herba 43889 
5 2 µL St John’s wort, Hypericum perf somm fior 
42268 
13 4 µL Hyperici herba 43889 
6 4 µL  St John’s wort, Hypericum perf somm fior 
42268 
14 2 µL Hyperici herba 43890 
7 2 µL St John’s wort herb PhEur cut (origin: PL) 
43492 
15 4 µL Hyperici herba 43890 
8 4 µL St John’s wort herb PhEur cut (origin: PL) 
43492 
   
Figure 12: HPTLC chromatogram of St. John's wort using instrumental application and development, 
derivatised with NPR and PEG 400 solution applied by dipping, and observed in UV light at 366 nm 
 
Top of the plate 
  
 
 
blue fluorescent zone 
yellowish-brown fluorescent zones 
yellowish-brown fluorescent zones 
Hyperoside 
 
 
Rutin 
 
light blue fluorescent zone 
 
yellowish-brown fluorescent zone 
 no zones appear in the lower third of the 
chromatogram 
Reference solution Test solution (Tiliae flos) 
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manual HPTLC 
 
 
Track Volume Sample Track Volu
me 
Sample 
1 2 µL St John’s wort, Hypericum perf somm fior 
42266 
9 2 µL Hyperici herba 43888 
2 4 µL St John’s wort, Hypericum perf somm fior 
42266 
10 4 µL Hyperici herba 43888 
3 2 µL St John’s wort, Hypericum perf somm fior 
42267 
11 2 µL Hyperici herba 43889 
4 4 µL St John’s wort, Hypericum perf somm fior 
42267 
12 4 µL Hyperici herba 43889 
5 2 µL St John’s wort, Hypericum perf somm fior 
42268 
13 2 µL Hyperici herba 43890 
6 4 µL  St John’s wort, Hypericum perf somm fior 
42268 
14 4 µL Hyperici herba 43890 
7 2 µL St John’s wort herb PhEur cut (origin: PL) 
43492 
15 2 µL Reference solution: Rutin 
2.5 mg/10 ml + 
Hyperoside 2.5mg/10ml 
8 4 µL St John’s wort herb PhEur cut (origin: PL) 
43492 
   
Figure 13: HPTLC chromatogram of St. John's wort using manual application and development, 
derivatised with NPR and PEG 400 solution applied by dipping, and observed in UV light at 366 nm 
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Track Volume Sample 
1 10 µL  St John’s wort, Hypericum perf somm fior 42268 
2 10 µL  St John’s wort, Hypericum perf somm fior 42267 
3 10 µL  St John’s wort, Hypericum perf somm fior 42266 
4 10 µL  St John’s wort herb PhEur cut (origin: PL) 43492 
5 10 µL  Hyperici herba 43890 
6 10 µL Hyperici herba 43889 
7 10 µL Hyperici herba 43888 
8 10 µL Reference solution: Rutin 2.5 mg/10 ml + Hyperoside 2.5mg/10ml 
Figure 14: TLC chromatogram of St. John's wort using manual application and development, 
derivatised with NPR and PEG 400 solution applied by dipping, and observed in UV light at 366 nm 
 
Description of chromatograms shown in Figure 12, Figure 13 and Figure 14: 
The chromatogram obtained with the reference solution shows in the lower half the zone due 
to rutin and above it the zone due to hyperoside, both with yellow-orange fluorescence. The 
chromatogram obtained with the test solution shows in the lower half the reddish-orange 
fluorescent zones of rutin and hyperoside and in the upper half the zone of pseudohypericin 
and above it the zone of hypericin, both with red fluorescence. Other yellow or blue 
fluorescent zones are visible. 
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4.4.6 Passion flower 
Mobile Phase: Anhydrous formic acid, water, methyl ethyl ketone, ethyl acetate  
(10:10:30:50, V/V/V/V)  
Reference solution: 2.5 mg vitexin and 2.5 mg isoorientin in 10 ml methanol 
instrumental HPTLC 
 
 
manual HPTLC 
 
 
Track Volume Sample Track Volume Sample 
Top of the plate 
  
 
 
 
red fluorescent zone (Pseudohypericin) 
red fluorescent zone (Hypericin) 
 
Hyperoside 
 
Rutin 
 
yellowish-brown fluorescent zone 
 
yellowish-brown fluorescent zone 
Reference solution Test solution (Hyperici herba) 
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1 2 µL Passion flower, Passiflore partie 
aérienne 11014 
6 2 µL  Passion flower herb PhEur cut 
(origin: FR) 11037 
2 2 µL  Passion flower, Passiflore incarnata 
erba 11015 
7 2 µL Passion flower herb (cut) 11038 
3 2 µL Passion flower, Passiflore incarnata 
erba 11016 
8 2 µL Passiflorae herba 11064 
4 2 µL Passion flower, Passiflore partie 
aérienne 11017 
9 2 µL Reference: Vitexin / Isoorientin 
2.5mg / 10ml 
5 2 µL Passion flower, Passiflore partie 
aérienne  11018 
   
Figure 14: HPTLC chromatogram of Passion flower using instrumental and manual application and 
development, derivatised with NPR and PEG 400 solution applied by dipping, and observed in UV 
light at 366 nm 
 
 
Track Volume Sample Track Volume Sample 
1 10 µL Passion flower, Passiflore 
partie aérienne 11014 
6 10 µL  Passion flower herb PhEur cut (origin: 
FR) 11037 
2 10 µL  Passion flower, Passiflore 
incarnata erba 11015 
7 10 µL Passion flower herb (cut) 11038 
3 10 µL Passion flower, Passiflore 
incarnata erba 11016 
8 10 µL Passiflorae herba 11064 
4 10 µL Passion flower, Passiflore 
partie aérienne 11017 
9 10 µL Reference: Vitexin / Isoorientin 2.5mg 
/ 10ml 
5 10 µL Passion flower, Passiflore 
partie aérienne  11018 
   
Figure 15: TLC chromatogram of Passion flower using manual application and development, 
derivatised with NPR and PEG 400 solution applied by dipping, and observed in UV light at 366 nm 
 
Description of chromatograms shown in Figure 15 and Figure 16: 
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The chromatogram obtained with the test solution shows at the same height of the zone due 
to isoorientin in the chromatogram obtained with the reference solution a zone of yellow 
fluorescence (isoorientin), and above a zone of green fluorescence (isovitexin), under the 
zone due to vitexin in the chromatogram obtained with the reference solution a zone of 
brownish-yellow fluorescence (orientin) and above it a zone of green fluorescence (vitexin). 
These latter 2 zones may be absent. Further zones may be present. 
 
 
4.4.7 Chamomile flower, Roman 
Mobile Phase: Anhydrous formic acid, water, ethyl acetate (10:10:80, V/V/V) 
Reference solution: 2.5 mg apigenin and 2.5 mg apigenin-7-glucosid in 10 ml methanol 
Instrumental HPTLC 
 
 
Manual HPTLC 
Top of the plate 
 
Isoorientin 
 
green fluorescent zone 
brownish-yellow fluorescent zone 
green fluorescent zone 
Vitexin 
 
 
yellow fluorescent zone 
 
 (green fluorescent zone may be present) 
 
 
Reference solution Test solution (Passiflorae herba) 
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Track Volume Sample Track Volume Sample 
1 1 µL Roman camomile flowers PhEur whole 
(origin: PL) 43506 
9 3 µL Chamomillae romanae flos43892 
2 2 µL Roman camomile flowers PhEur whole 
(origin: PL) 43506 
10 1 µL Chamomillae romanae flos 43893 
3 3 µL Roman camomile flowers PhEur whole 
(origin: PL) 43506 
11 2 µL Chamomillae romanae flos 43893 
4 1 µL Chamomillae romanae flos 43891 12 3 µL Chamomillae romanae flos 43893 
5 2 µL  Chamomillae romanae flos 43891 13 1 µL Reference: Apigenin / Apigenin-7-Glucosid 
6 3 µL Chamomillae romanae flos 43891 14 2 µL Reference: Apigenin / Apigenin-7-Glucosid 
7 1 µL Chamomillae romanae flos 43892 15 3 µL Reference: Apigenin / Apigenin-7-Glucosid 
8 2 µL Chamomillae romanae flos 43892    
Figure 16: HPTLC chromatogram of Chamomile flower, Roman using instrumental and manual 
application and development, derivatised with NPR and PEG 400 solution applied by dipping, and 
observed in UV light at 366 nm 
 
 
 
 
 35 
 
Track Volume Sample Track Volume Sample 
1 10 µL Roman camomile flowers PhEur whole 
(origin: PL) 43506 
7 10µL Chamomillae romanae flos 43893 
2 15 µL Roman camomile flowers PhEur whole 
(origin: PL) 43506 
8 15 µL Chamomillae romanae flos 43893 
3 10 µL Chamomillae romanae flos 43891 9 10 µL Reference: Apigenin / Apigenin-7-Glucosid 
4 15 µL  Chamomillae romanae flos 43891 10 15 µL Reference: Apigenin / Apigenin-7-Glucosid 
5 10 µL Chamomillae romanae flos 43892    
6 15 µL Chamomillae romanae flos 43892    
Figure 17: TLC chromatogram of Chamomile flower, Roman using manual application and 
development, derivatised with NPR and PEG 400 solution applied by dipping, and observed in UV 
light at 366 nm 
 
Note: The separation with this mobile phase is insufficient. The fluorescent zone due to 
apigenin appears at the solvent front.  
 
Description of chromatograms shown in Figure 17 and Figure 18: 
The chromatogram obtained with the reference solution shows immediatly below the solvent 
front a yellowish-green fluorescent zone (apigenin) and in the upper middle third a yellowish 
fluorescent zone (apigenin 7-glucoside). The chromatogram obtained with the test solution 
shows a yellowish-green fluorescent zone and a yellowish fluorescent zone similar in position 
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and fluorescence to the zones due to apigenin and apigenin 7-glucoside in the 
chromatogram obtained with the reference solution; immediately below the apigenin 7-
glucoside zone there is a light brownish fluorescent zone (apiin); immediately below the apiin 
zone there is a bright blue fluorescent zone; other zones may be present. 
 
 
4.5 Conclusions 
In the manual TLC for roman chamomile flower the mobile phase used for development lead 
to insufficient results: In the chromatograms obtained from roman chamomile flower the 
fluorescent zone due to apigenin appears at the solvent front (Figure 17). 
Colours in the pictures of the chromatograms vary between each other due to different 
exposure times for the photographic documentation. Especially the colour of yellow and 
orange fluorescent zones, for example hyperoside, is effected (Figure 12 and Figure 13 – 
compare between manual and instrumental HPTLC). 
Comparing results by TLC and HPTLC the superior definition of HPTLC can be noted. For 
identification of the herbal drug and detection of falsifications the results by TLC are 
sufficient. 
Despite the wide range of samples from different origins the fingerprints of the samples 
appear very similar, which demonstrates a high standard quality of samples. 
Comparing results by manual and instrumentalized HPTLC only little differences can be 
noted, mostly due to not so defined application spots. Both methods produce comparable 
results, which shows that even without costly instruments for automatization good HPTLC 
analysis can be obtained. 
Final conclusions about colour variety in the descriptions and the quality of manual HPTLC 
will be possible, as soon as an interlaboratory comparison is available. 
Top of the plate 
Apigenin 
 
yellowish-green fluorescent zone 
 
 
Apigenin 7-glucoside 
 
 
yellowish fluorescent zone 
light brownish fluorescent zone (apiin) 
bright blue fluorescent zone 
  
 
 
Reference solution Test solution (Chamomillae romanae flos) 
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5 ANALYSIS OF ARNICA FLOWER 
5.1 Introduction and Main Objectives 
Arnica flowers are used for oleaginous and aqueous extractions as well as for the 
preparation of Arnica tincture (Arnicae tinctura PhEur). The main active compounds are 
helenanolide-type sesquiterpene lactones [12]. The use of Arnica flowers for injuries, 
haematomas, contusions and bruises is well established and clinically approved [14]. 
Unfortunately the current monographs of Arnica flower and Arnica tincture in the PhEur are 
not well-matched. Although the same methods are used for identification by TLC and the 
HPLC assay, the procedures differ in some points, which could be avoided. 
The aim of this project was to revise and update the monograph of Arnica montana and 
harmonize it with the monograph of Arnica tincture. The work concentrates on two separate 
parts: First the HPTLC method for the test of Calendula officinalis L. and Heterotheca 
inuloides Cass. which are both considered falsifications. Second the assay by HPLC to 
measure the content of total sesquiterpene lactones, expressed as dihydrohelenalin tiglate 
An HPTLC method from Dr. Reich (CAMAG Laboratory in Muttenz, Switzerland) and Prof. 
Merfort (Albert-Ludwigs-Universität Freiburg, Germany) using an improved mobile phase was 
tested to provide an interlaboratory comparison. Additionally these analysis were compared 
to analysis with a simplified extraction method. 
Further a proposal by Dr. Bruno Frank for a simplified HPLC assay of Arnicae flos was 
tested, which cuts down the time for analysis by avoiding a cleaning step using Kieselgur.  
MAIN OBJECTIVES 
- Provide an interlaboratory comparison of an improved HPTLC method for Arnica 
flower 
- Test a simplified method for the HPLC assay for Arnica flower 
5.2 Samples 
Samples used in this project are listed in Table 3. 
Table 3. Samples used in the present project. 
# Sample 
Number 
Sample Description  Source and Batch 
1 M-11079 Arnika montana flowers Romania, 2008, A-7490 
2 M-11080 Arnika montana flowers Romania, 2009, A-7679 
3 M-11081 Arnika montana flowers Romania 2005, A-7129 
4 M-11082 Arnika montana flowers Romania, 2007, A-7394 
5 M-11083 Arnika montana flowers Romania, 2005, A-7110 
6 M-11084 Arnika montana flowers hybrid 
"Arbo x Spain" 
2010, Eickmeyer Steinach Germany 
7 M-11085 Arnika montana flowers Baumannshof, 2005 
8 M-11086 Arnika montana flowers Baumannshof, 2006 
9 M-11087 Arnika montana flowers Baumannshof, 2007 
10 M-11088 Arnika montana flowers Baumannshof, 2008 
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11 M-11049 Arnika montana flowers with calyx 100904710 
12 M-11048 Arnika montana flowers with calyx 100904810 
13 M-11047 Arnika montana flowers with stem 100904910 
14 M-11072 Arnika montana - Poland Phytopham Kleka S.A. (Poland) 
No: 100/11/0 France 
15 M-11073 Arnika montana - Poland Phytopham Kleka S.A. (Poland) 
No: 98/11/0 Poland-Wielkopolska 
16 M-11027 Arnika montana - Poland Phytopham Kleka S.A. (Poland) 
No: 99/11/0 Poland-Wielkopolska 
17 M-11076 Arnika montana - Spain Taüll Orgànics (Boì-Taüll, Spain) 
Harvest 2009 
18 M-11077 Arnika montana - Spain Taüll Orgànics (Boì-Taüll, Spain) 
Harvest 2010 
19 M-11025 Calendulae flos Plantafarm, S.A. (Spain) 
084.CC.41/01 
20 M-10107 Arnica mexicana flor (Heterotheca 
inuloides) 
Laboratorios Mixim, SA de CV 
(Mexico) Batch 4724 
 
5.3 ANALYSIS OF ARNICA FLOWER BY HPTLC 
5.3.1 Introduction and specific Objectives 
Dr. Reich and Prof. Merfort from Germany developed an optimized method for the Test of 
Arnicae flos in the monograph of the PhEur. The separation of some compounds was 
improved by using a modified mobile phase, resulting in a better identifiable fingerprint. 
SPECIFIC OBJECTIVES 
- Provide an interlaboratory comparison of analysis performed with identical samples 
- Compare results of extracts obtained with the method from the PhEur to results 
obtained by simplified extraction at room temperature by ultrasonication for 10 
minutes 
- Compose a proposal for the monograph of Arnicae flos in the pharmacopoeia 
5.3.2 Methods 
20 different samples of Arnicae flos from Germany, Romania, Poland and Spain were 
analysed by instrumentalized HPTLC using an improved mobile phase and two different 
extraction methods: 
Improved mobile phase: ethyl acetate : formic acid : acetic acid : H2O (15:1:1:2) 
(current mobile phase in PhEur: ethyl acetate : formic acid : H2O : methyl ethyl ketone  
(50:10:10:30) ) 
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Extraction method from the PhEur: To 2.00 g of the powdered drug (710) add 10 mL of 
methanol. Heat in a water-bath at 60 °C for 5 min with shaking. Cool and filter. 
Simplified extraction method: To 2.00 g of powdered drug (710) add 10 mL of methanol. 
Ultrasonicate for 10 minutes, then filter. 
Reference Solutions: 2,5mg Hyperoside, 1mg Caffeic acid and 2,5mg Rutin and 1mg 
Chlorogenic acid in 10 ml methanol and 1,0mg Luteolin-7-Glucoside in 10ml methanol 
Detection: with NPR and PEG-400 solution applied by dipping, observed in UV light at 366 
nm 
5.3.3 Results 
 
Extraction at 60°C 
 
 
Extraction at room temperature by ultrasonication 
 
Track Volume Sample Track Volume Sample 
1 2 µL A. Montana flowers, Romania M-11079 7 3 µL Reference: Luteolin-7-Glucoside 
2 2 µL A. Montana flowers, Romania M-11080 8 2 µL A. montana flowers hyb. M-11084 
3 2 µL A. Montana flowers, Romania M-11081 9 2 µL A. montana flowers 2005 M-11085 
4 2 µL A. Montana flowers, Romania M-11082 10 2 µL A. montana flowers 2006 M-11086 
5 2 µL A. Montana flowers, Romania M-11083 11 2 µL A. montana flowers 2007 M-11087 
6 3 µL  Reference: Chlorogenic acid / Caffeic 
acid / Rutin / Hyperoside 
12 4 µL A. montana flowers 2008 M-11088 
Figure 19. Chromatograms of extractions of Arnicae flos at 60°C and at room temperature by 
ultrasonication, detection with NPR and PEG-400 solution applied by dipping, observed in UV light at 
366 nm 
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Extraction at 60°C 
 
 
Extraction at room temperature by sonication 
 
Track Volume Sample Track Volume Sample 
1 2 µL A. montana – Poland M-11072 7 3 µL Reference: Luteolin-7-Glucoside 
2 2 µL A. montana – Poland M-11073 8 2 µL Calendulae flos, M-11027 
3 2 µL A. montana – Poland M-11027 9 2 µL Arnica Mexicana flowers 
(Heterotheca inuloides) M-10107 
4 2 µL A. montana – Spain M-11077 10 2 µL A. montana flowers with calyx M-
11049 
5 2 µL A. montana – Spain M-11076 11 2 µL A. montana flowers, with calyx M-
11048 
6 3 µL  Reference: Chlorogenic acid / Caffeic 
acid / Rutin / Hyperoside 
12 2 µL A. montana flowers, with stem M-
11047 
Figure 20. Chromatograms of extractions of Arnicae flos at 60°C and at room temperature by 
sonication, detection with NPR and PEG-400 solution applied by dipping, observed in UV light at 366 
nm 
 
5.3.4 Conclusions 
The method developed my Dr. Bruno Frank shows a good separation of compounds of the 
samples tested especially of compounds in the lower part of the chromatogram (Figure 19. 
and Figure 20.) 
Extracts obtained by sonication at room temperature for 10 minutes gave comparable results 
to extractions obtained in a heated water bath at 60 °C. This simplified extraction method 
could be considered for inclusion in the PhEur.  
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5.3.5 Proposal for the European Pharmacopoeia 
IDENTIFICATION 
C. Examine the chromatograms obtained in the test for Calendula officinalis L. - Heterotheca 
inuloides Cass. 
Results: the chromatogram obtained with the test solution shows, in the middle, a fluorescent 
blue zone corresponding to the zone due to chlorogenic acid in the chromatogram obtained 
with the reference solution; it shows 3 fluorescent yellowish-brown or orange-yellow zones, 1 
together or right below chlorogenic acid and 2 above chlorogenic acid. Above these  3 zones 
a fluorescent greenish-yellow zone due to astragalin is visible. The zone located below the 
astragalin zone is due to isoquercitroside; the zone located just below this zone is due to 
luteolin-7-glucoside. It also shows a fluorescent greenish-blue zone below the zone due to 
caffeic acid in the chromatogram obtained with the reference solution. 
 
 
TESTS  
Foreign matter (2.8.2): maximum 5.0 per cent. 
Calendula officinalis L. - Heterotheca inuloides Cass .  
Thin-layer chromatography (2.2.27). 
Test solution. To 2.00 g of the powdered drug (710) (2.9.12) add 10 mL of methanol R. 
Extract in a ultrasonic-bath for 10 min. Filter. 
Reference solution. Dissolve 2.0 mg of Caffeic acid R, 2.0 mg of Chlorogenic acid R and 5.0 
mg of Rutin R in methanol R and dilute to 30 mL with the same solvent. 
Plate: TLC silica gel plate R (5-40 µm) [or TLC silica gel plate R (2-10 µm)] 
Top of the plate 
Caffeic acid 
 
 
 
fluorescent greenish-blue zone 
 
Hyperoside 
Chlorogenic acid 
fluorescent greenish-yellow zone (Astragalin) 
2 fluorescent  orange-yellow zones 
fluorescent blue zone 
fluorescent orange zone 
 
Rutin 
 
no zones appear in the lower third of the 
chromatogram 
Reference solution Test solution (Arnicae flos) 
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Mobile phase: ethyl acetate R, formic acid R, acetic acid R, H2O R (15:1:1:2 V/V/V/V). 
Application: 15 µL as 10mm bands [or 2 µl as 8mm bands] 
Development: over a path of 13,5 cm [or 6 cm] 
Drying: in air for a few minutes. 
Detection: spray with a 10 g/L solution of diphenylboric acid aminoethyl ester R in methanol 
R, and then with a 50 g/L solution of macrogol 400 R in methanol R. Heat at 100-105 °C for 5 
min. Allow to dry in air and examine in ultraviolet light at 365 nm. 
5.4 ANALYSIS OF ARNICA FLOWER BY HPLC 
5.4.1 Introduction and Objectives 
Helenanolide-type sesquiterpene lactones are the active compounds of Arnica flowers and 
responsible for their anti-inflammatory effect [14].  The average content of sesquiterpene 
lactones in flower heads of Arnica montana ranges from 0.3-1.1% [8,11]. The proportions of 
helenalin and dihydrohelenalin esters vary over the geographical range of Arnica montana: 
central European collections contain mainly helenalin esters (East European chemotype), 
whereas Spanish collections contain mainly dihydrohelenalin esters (Spanish chemotype) 
[11]. This is important as helenalin and dihydrohelenalin differ in their anti-inflammatory 
efficacy [13]. 
 
Although other methods for the analysis are possible, HPLC is the method of choice for 
analysing sesquiterpene lactones in crude plant extracts because of the low volatility and 
thermolability of most sesquiterpene lactones [9]. The PhEur defines a minimum content of 
0,40 % (m/m) for sesquiterpene lactones expressed as dihydrohelenalin tiglate for the dried 
drug of Arnica flowers. The quantification is done by HPLC via UV detection using Santonin 
as an internal standard [3]. 
 
The current state of the monograph doesn't take into account that the dihydrohelenalin esters 
have lower response factors for UV detection than do helenalin esters, which is important for 
quantitative analysis of different chemotypes of Arnica flower [7]. For the following work a 
sample of Arnica montana of the East European chemotype was used. 
 
In order to remove impurities, that appear together with the internal standard, the original 
method of the PhEur uses a very effective but also very time consuming procedure. The 
sample is eluted with a mixture of ethyl acetate / dichloromethane through a chromatography 
column filled with Kieselgur. This procedure takes about three hours, in addition to a lengthy 
extraction method and several steps of evaporation. Faster methods of extraction and 
analysis seem possible and have also been published [6].  
 
A method developed and provided by Dr. Bruno Frank follows a simpler approach using less 
extraction steps and eliminating completely the procedure of sample cleaning using a 
chromatography column with Kieselgur as stationary phase. 
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In an attempt to evaluate this method 3 analysis were performed. This includes one 
experimental analysis using a silica gel set pack instead of a chromatography column with 
Kieselgur for sample cleaning, which is less time consuming than the use of a 
chromatography column. 
 
OBJECTIVES 
 
- Testing the method of Dr. Bruno Frank using samples of Spanish chemotype Arnica 
montana 
- Testing silica gel set packs for sample treatment 
- Comparing the results obtained with the method of Dr. Bruno Frank to the results 
obtained by the original method from the PhEur and results obtained with sample 
treatment using silica gel set packs. 
5.4.2 Material and Methods 
Original method from PhEur 
 
The analysis was performed using the original method from the PhEur, except of using 2ml 
of internal standard measured with a volumetric pipette for better accuracy, instead of 3ml as 
stated in the monograph.  
 
Introduce 1.00 g of the powdered drug (355) into a 250 mL round-bottomed flask, add 
50 mL of a mixture of equal volumes of methanol R and water R and heat under a 
reflux condenser in a water-bath at 50-60 °C for 30 min, shaking frequently. Allow to 
cool and filter through a paper filter. Add the paper filter, cut into pieces, to the 
residue in the round-bottomed flask, add 50 mL of a mixture of equal volumes of 
methanol R and water R and heat under a reflux condenser in a water-bath at 50-60 
°C for 30 min, shaking frequently. Repeat this procedure twice. To the combined 
filtrate add 3.00 2.00 mL of the internal standard solution and evaporate to 18 mL 
under reduced pressure. Rinse the round-bottomed flask with water R and dilute, with 
the washings, to 20.0 mL. Transfer the solution to a chromatography column about 
0.15 m long and about 30 mm in internal diameter containing 15 g of Kieselgur for 
chromatography R. Allow to stand for 20 min. Elute with 200 mL of a mixture of equal 
volumes of ethyl acetate R and methylene chloride R. Evaporate the elute to dryness 
in a 250 mL round-bottomed flask. Dissolve the residue in 10.0 mL of methanol R and 
add 10.0 mL of water R. Add 7.0 g of neutral aluminium oxide R, shake for 120 s, 
centrifuge at 5000 g for 10 min and filter through a paper filter. Evaporate 10.0 mL of 
the filtrate to dryness. Dissolve the residue in 3.0 mL of a mixture of equal volumes of 
methanol R and water R and filter. 
 
Simplified method by Dr. Bruno Frank 
 
The analysis was performed using the method provided by Dr. Bruno Frank. 
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Introduce 1.00g of the powdered herbal drug (355) into a 250mL round-bottomed 
flask, add 50mL of a mixture of equal volumes of methanol R and water R, add 2,0 
mL of the internal standard solution and heat under a reflux condenser in a water bath 
for 1h. Allow to cool. Centrifugate for 15 min. at 4500 rpm. Decant to a conical flask of 
100ml with taper joint. Add 7,0g of neutral alumina oxide R, shake for 2 min 
vigorously and filter through a filter-paper of 150mm diameter into a flask 
(Spitzkolben) of 100ml and evaporate the filtrate to dryness. Dissolve the residue in 
3.0 mL of a mixture of equal volumes of methanol R and water R and filter 
(membrane filter material: PET, pore size 45 µm) 
 
Method from the PhEur adapted with the use of silica gel set packs 
 
The analysis was performed following the method from the PhEur but replacing the use of 
Kieselgur in a chromatography column by the use of silica gel set packs (Strata SI-1 Silica 
5g/20ml Giga Tubes, Part No 8B-S012-LEG-S) 
 
Introduce 1.00 g of the powdered drug (355) into a 250 mL round-bottomed flask, add 
50 mL of a mixture of equal volumes of methanol R and water R and heat under a 
reflux condenser in a water-bath at 50-60 °C for 30 min, shaking frequently. Allow to 
cool and filter through a paper filter. Add the paper filter, cut into pieces, to the 
residue in the round-bottomed flask, add 50 mL of a mixture of equal volumes of 
methanol R and water R and heat under a reflux condenser in a water-bath at 50-60 
°C for 30 min, shaking frequently. Repeat this procedure twice. To the combined 
filtrate add 3.00 2.00 mL of the internal standard solution and evaporate to dryness. 
Dissolve the residue in a mixture of 2 ml of water and 3ml of methanol. Precondition 
the silica set pack with 100 ml of a mixture of isopropanol / ethyl acetate (50/50), then 
change the mobile phase in the column to methanol, apply the sample. and elute with 
100 ml of a mixture of dichloromethane / ethyl acetate (50/50). Evaporate the elute to 
dryness in a 250 mL round-bottomed flask. Dissolve the residue in 10.0 mL of 
methanol R and add 10.0 mL of water R. Add 7.0 g of neutral aluminium oxide R, 
shake for 120 s, centrifuge at 5000 g for 10 min and filter through a paper filter. 
Evaporate 10.0 mL of the filtrate to dryness. Dissolve the residue in 3.0 mL of a 
mixture of equal volumes of methanol R and water R and filter. 
 
Sample: M-11077 Arnica montana (see Table 3) 
 
Reference substance: Santonin 
 
All analysis were performed using only Santonin as reference substance as previous 
analysis with different columns had shown an incompatibility with butyl 4-hydroxybenzoate 
(the peak appeared to early, interfering with peaks of sesquiterpene lactones). Instead one 
injection of a solution of the two reference substances was made to check and verify the 
range of peaks for integration in the chromatogram of the test solutions. 
 
Chromatography Column: Phenomenex LiChrospher 125*4.0 4mic RP-18e 100A - 575688-1, 
with 4x3 mm RP-18e precolumn 
 
Mobile phase: A: water, B: methanol 
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Time (min) Mobile phase A (per cent V/V) Mobile phase B (per cent V/V) 
0-3 62 38 
3-20 62 → 55 38 →45 
20-30 55 45 
30-55 55 → 45 45 → 55 
55-57 45 → 0 55 → 100 
57-70 0 100 
70-90 62 38 
 
 
The HPLC System used for this analysis was a UFLC Shimadzu Series 20 consisting of the 
following parts: 
 
- Degaser DGU-20As 
- Pumps LC-20AD 
- Autosampler SIL-20AC HT 
- Detector DAD SPD-M20A 
- Column Oven CTO-20ª 
- Controller CBM-20ª 
- Software LC Solutions (Shimadzu Corporation) Version 1.23 SP1 
 
5.4.3 Results 
3 chromatograms were obtained from the same sample of Arnica flower using 3 different 
methods of sample preparation: first the method from the PhEur, second the simplified 
method by Dr. Bruno Frank, third a simplified method using silica gel set packs for sample 
preparation. 
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Figure 21. HPLC chromatogram of an extract of Arnicae flos following the method of the PhEur 
 
 
Figure 22. HPLC chromatogram of an extract of Arnicae flos following the simplified method provided 
by Dr. Bruno Frank 
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Figure 23. HPLC chromatogram of an extract of Arnicae flos following the method of the PhEur, but 
using silica gel set packs instead of Kieselgur for sample treatment. 
 
 
1. Santonin 3. DH-isobutyrat 5. DH-tiglinat 7. DH-isovalerianat 
2. DH-methacrylat 4. H-isobutyrat 6. H-tiglinat 8. H-2-methylbutyrat 
 
(Peak identification from the PhEur: Figure 1809.-1. – Chromatogram for the assay of Arnica tincture 
from East European chemotype) [3]) 
 
 
Name and description Mass of 
Drug (g) 
Santonin 
concentration 
(mg/ml) 
Santonin 
dilution 
volume (ml) 
Santonin 
peak area 
STL sum 
area 
Content 
of STL 
in % 
Method-PhEur 1,0104 1,02 2 3271047 14860328 1,09 
Method-DrFrank 1,0094 1,02 2 10643668 34374988 0,78 
Method-SetPack 1,0114 1,02 2 7869253 42082289 1,28 
Table 4. Calculation of the percentage content of total sesquiterpene lactones (STL), expressed as 
dihydrohelenalin tiglate 
 
5.4.4 Conclusions and Discussions 
The main difficulty with the analysis of Arnicae flos by HPLC is the elimination of impurities 
that appear together with the internal standard Santonin and therefore affect the 
quantification of sesquiterpene lactones. 
 
These impurities are present to certain degrees in all analysis performed for this comparison 
(Figure 21, Figure 22, and Figure 23). 
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The simplified method by Dr Bruno Frank provides a quick and uncomplicated way of 
analysis, but shows a relevant amount of impurities appearing together with the reference 
substance Santonin that is used for quantification (note the height of the base line in Figure 
22). Further a significant difference in the quantification of STL was found between the 
different methods of analysis, which is probably caused by the simplified extraction method. 
 
Using silica gel set packs for sample treatment might be a less time consuming alternative to 
the use of Kieselgur in a chromatography column, but the analysis performed with this 
method produced higher results in STL. 
 
Concerning the harmonisation of the monographs of Arnica tincture and Arnica flower the 
same amount of internal standard santonin (2 ml) should be used for both monographs. The 
description of the HPLC gradient is also slightly different and could be harmonized easily. 
 
Further investigation on the method of HPLC for Arnica flower will be necessary to simplify 
the procedure and should include analysis of samples of the Spanish chemotype of Arnica 
montana. 
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6 SUMMARY 
The general aim of this work was to revise, update and compare working methods for quality 
control of herbal drugs and herbal drug preparations by Thin Layer Chromatography (TLC) 
and High Performance Thin Layer Chromatography (HPTLC). Part of this work lead to 
proposals for updates on the monographs of Ash leaves (Fraxini folium) and Arnica flowers 
(Arnicae flos) in the European Pharmacopoeia (PhEur). 
 
The TLC method for Fraxini folium was adapted for HPTLC. Analysis performed with the 
adapted identification method proved that discrimination between leaves of Fraxinus 
excelsior L. and Fraxinus oxyphylla M. Bieb. – the allowed species – and Fraxinus ornus L. is 
possible. Further a different extraction method was tested in order to simplifiy the working 
procedure for analysis. The results lead to a proposal for an update of the monograph in the 
PhEur . 
 
In order to compare TLC and HPTLC results of flavonoid containing drugs various samples 
from different plant drugs were analysed. This work was done as part of a collaborative trial 
in laboratories across the European Union. Detailed descriptions of the obtained 
chromatograms were added, based on the currend monograph in the PhEur. Due to different 
exposure times during the photographic documentation a variation in the spot colours of 
fluorescent zones was observed. Final conclusions about colour variety in the descriptions 
and the quality of manual HPTLC will be possible, as soon as results of the study are 
available. 
 
In order to contribute to an update on the monograph of Arnica flower an improved HPTLC 
method was tested to provide an interlaboratory comparison with identical samples. Further a 
simplified extraction method was tested, which lead to comparable results. The results were 
incorporated in a proposal for the monograph of Arnica flower in the PhEur. 
 
Concerning the HPLC assay of Arnica flower in the PhEur some analysis have been 
performed to contribute to a revision of the rather time consuming method for sesquiterpene 
lactone quantification. In an attempt to evaluate different sample preparation procedures 
analysis were performed using simplified cleaning steps. The main difficulty was to eliminate 
impurities appearing together with the internal standard Santonin and therefore affecting the 
quantification. Results obtained by the tested methods were not satisfying and further 
investigation will be necessary. 
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7 ZUSAMMENFASSUNG 
Diese Diplomarbeit befasst sich mit der Qualitätskontrolle von Arzneidrogen und pflanzlichen 
Zubereitungen mittels Dünnschichtchromatographie (TLC) und Hochleistungs-
Dünnschichtchromatographie (HPTLC). Ziel der Arbeit war es, Arbeitsvorschriften zu 
vergleichen, zu überarbeiten und wenn möglich zu vereinfachen oder zu verbessern. 
Aktualisierungsanträge für die Monografien über Eschenblätter (Fraxini folium) und 
Arnikablüten (Arnicae flos) im Europäischen Arzneibuch (PhEur) sind Teil der Ergebnisse 
dieser Arbeit. 
 
Die Arbeitsvorschrift zur Identitäts- und Reinheitsprüfung von Eschenblättern mittels TLC 
wurde für die Verwendung von HPTLC aktualisiert. Durchgeführte Analysen zeigten, dass 
eine Unterscheidung zwischen den erlaubten Arten: Fraxinus excelsior L. and Fraxinus 
oxyphylla M. BIEB. und der als Verfälschung angesehenen Art: Fraxinus ornus L. möglich ist. 
Weiters wurde eine vereinfachte Extraktionsmethode für die Probenzubereitung getestet und 
verglichen. Aus den Ergebnissen wurde ein Vorschlag für eine Aktualisierung der Monografie 
erarbeitet. 
 
Als Teil einer europaweiten Studie zur Analyse von Flavonoid-Drogen mittels TLC und 
HPTLC wurden zahlreiche Proben verschiedener Arzneidrogen untersucht. Detaillierte 
Beschreibungen wurden auf Basis der aktuellen Monografien in der PhEur erstellt. Aufgrund 
der unterschiedlichen Belichtungszeiten bei der fotografischen Dokumentation kommt es zu 
Unterschieden bei den Farben der fluoreszierenden Zonen. Eine abschließende Betrachtung 
dieser Farbvariationen werden nach Abschluss der Studie möglich und aufschlussreich sein. 
 
Als Beitrag zur Überarbeitung der Monografie über Arnikablüten wurde eine verbesserte 
HPTLC Methode getestet, um einen laborübergreifenden Vergleich zu liefern. Zusätzlich 
wurde eine vereinfachte Probenaufbereitung getestet, die zu vergleichbaren Ergebnissen 
führte. Diese Ergebnisse wurden in einen Vorschlag für eine Aktualisierung der Monografie 
eingearbeitet. 
 
Schließlich wurden Analysen durchgeführt, um eine zeitsparende Methode zur 
Gehaltsbestimmung von Sesquiterpenlactonen mittels Säulenchromatografie (HPLC) in 
Arnikablüten zu testen. Die Reinigungsschritte bei der Probenaufbereitung wurden dabei 
wesentlich reduziert. Die Schwierigkeit bestand in der Elimination von Verunreinigungen, 
welche die selbe Retentionszeit wie der interne Standard Santonin besitzen und daher die 
Quantifizierung stören. Die getesteten Methoden führten zu keinem zufriedenstellenden 
Ergebnis, sodass weitere Untersuchungen nötig sein werden. 
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